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Abstract 
 
Development of modern techniques creates supply of better and better structural materials having higher strength. Light metals and their 
alloys are  more and  more often used for  metal structures,  whereas aluminium  and its alloys are the  most  widespread among them. 
Mechanical and technological properties of castings made from Al-Si alloys depend most of all on properly performed process of melting 
and casting, design of casting and mould, as well as heat treatment. 
The  paper  describes implementation of  TDA  method  to determination  of  solution  heat  treatment  and  ageing  treatment  temperatures  
of AK9 silumin. Investigated alloy was melted in electric resistance furnace. Next, the alloy had undergone processes of refining and 
modification.  Run  of  crystallization  process  is  presented  with  use  of  thermal  derivative  analysis  (TDA).  That  method  was  also 
implemented to determination of heat treatments temperature’s range of the alloy. Obtained results relate to registered with TDA method 
solution heat treatment curves, light microscopy, strength tests and determination of an effect of selected parameters of the heat treatment 
on tensile strength Rm of investigated alloy. On base of performed tests of heat treated alloy there was determined an effect of selected 
parameters on obtained tensile strength Rm. The tests were performed in laboratory conditions, and therefore what is why verification in 
industrial environment is needed. 
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1. Introduction 
 
The most widespread group among aluminum alloys found in 
foundry industry are technical alloys of aluminum with silicon - 
called as silumins - where silicon is the main alloying constituent 
[1]. 
Mechanical  and  technological  properties  of  silumins  are 
connected in high degree with shape and method of distribution of 
hard and brittle crystals of silumin in plastic metallic matrix of 
solid solution  (Al) [2,3].  
Cast alloys (inclusive of silumins as well) are characterized 
with low level of plasticity. It is the main reason for significant 
limitation  in  implementation  of  these  materials  in  structural 
elements, which face higher and higher demands with respect to 
their durability and reliability. 
Presently  performed  research  connected  with  perfection  of 
casting alloys of aluminum can be divided to: 
a) Perfection of selection methods of primary and auxiliary 
alloying  constituents  (e.g.  with  implementation  of  modern 
attainments of synthesis of alloys, as well as precise determination 
of  more  narrow  concentration  ranges  of  these  constituents  by 
means of implementation of optimization procedures [4 - 7 ], 
b) Rationalization of selection of group of constituents which 
modify  structure,  through  shattering  and  rounding  of  all  basic 
structural components of silimins, like among others.:  (Al) –
solid solution,   (Si)  –  primary silicon; silicon eutectics ( (Al) 
+  (Si)) , educes of ferrous structural constituents and others [8 - 
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c)  Development  and  setting  into  practice  a  modern  heat 
treatment  technologies  aimed  at  improvement  of  mechanical 
properties, with simultaneous improvement of plastic properties 
of silumins [12-14]. 
In order to obtain a proper structure and the same, to have an 
effect  on  properties  of  silumins,  in  practise  one  makes  use  of 
refining  and  modification  processes  [1,3,15-17].  Except 
modification, heat treatment enables improvement of mechanical 
properties  of  alloys  based  on  equilibrium  system  of  Al-Si  – 
comprising additional constituents (like e.g.: Mg, Cu). 
The TDA method, based on analysis of temperature change 
run, enables registration of phenomena arisen in result of melting 
and  solution  heat  treatment  processes  of  alloys  [18-21].  It  is 
especially important from point of view of possibility of making 
use of obtained diagrams to determination of temperature ranges 
for solution heat treatment and ageing treatment. 
 
 
2. Methodology of the research 
 
AlSi9Mg (AK9) alloy is rated among hypo-eutectoid alloys. It 
features very good casting properties and is destined for castings 
having  complicated  shapes  and  high  strength.  Presence  of 
magnesium  additive  enables  implementation  of  heat  treatment 
(Mg2Si structural constituent). 
Investigated alloy was refined with Rafal in quantity of 0,5% 
of  mass  of  the  charge,  and  next,  modified  with  strontium  in 
quantity of 0,06% of mass of the charge. 
Process  of  crystallization  and  melting  of  the  alloy  was 
registered with use of fully automated Crystaldimat device (Fig.1) 
to  measurement  of  tested  piece  temperature  during  its 
solidification  and  melting.  A  standard  TDA  (thermal  and 
derivation analysis) is created in course of the measurement for 
the process of solidification and melting.  
 
 
 
Fig. 1. Crystaldimat 
 
The heat treatment was carried out for alloy modified with 
respect to shape of eutectic mixture, what significantly effects on 
susceptibility  of  eutectic  silicon  to  coalescence  and  rounding 
during the process of heat treatment [12]. 
In the Table 1 are shown heat treatment parameters for three 
stage  plan  of  testing  with  four  variables,  on  which  there  was 
determined  an  effect  of  temperature  values  and  duration  of 
solution heat treatment and ageing treatment, aimed at obtaining a 
suitable Rm tensile strength of investigated alloy. 
 
Table 1.  
Heat treatment parameters of the alloy 
Ageing 
temperature[
oC] 
Ageing time 
[h] 
Solution heat 
treatment 
temperature 
[
oC] 
Solution heat 
treatment time 
[h] 
ts1 - 180   2  tp1 - 520  0,5 
ts2 – 235  5  tp2 - 545  1,5 
ts3 - 310  8  tp3 - 560  3 
 
Temperatures of these treatments were selected on base of 
melting curves from TDA analysis (Fig. 2), obtained after process 
of crystallization and melting of the alloy.  
 
 
 
Fig. 2. TDA method curves for refined and modified AK9 silumin 
 
Specimens to strength tests of AK9 silumin were prepared 
according to PN-88/H-88002 standard. 
Tensile strength test was carried out on universal strength 
tester of ZD-10 type.  
 
 
3. Description of obtained results 
 
Tensile strength Rm for refined and modified alloy (without 
heat treatment) amounted to 225 – 230 MPa. After performed heat 
treatment  the  tensile  strength  Rm  of  the  investigated  alloy 
amounted from 170 to 323 MPa. 
Change  of  tensile  strength  due  to  performed  solution  heat 
treatment  and  ageing  treatment  is  reflected  in  structure  of 
investigated alloy. 
The Fig. 3 shows structure of initial AK9 alloy (refined and 
modified). 
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a) 
 
b) 
 
 
Fig. 3. Refined and modified AK9 alloy:  
a) magnification 300x, b) magnification 800x 
 
The  Fig.  4  illustrates  structure  of  AK9  alloy  after  heat 
treatments. 
a) 
 
b) 
 
 
Fig. 4. Dispersion hardened AK9 alloy:  
a) magnification 300x, b) magnification 800x 
 
On base of obtained test results there were drawn a spatial 
diagrams showing effect of selected parameters of heat treatment  
of AK9 silumin on change of its tensile strength Rm (Figs. 5-6). 
 
 
Fig. 5. Effect of solution heat treatment temperature on impact 
strength of AK9 alloy 
 
 
Fig. 6. Effect of ageing temperature and duration on impact 
strength of AK9 alloy 
 
 
4. Conclusions 
 
  On base of results of performed tests one should ascertain that 
heat  treatment  of  AK9  alloy  effects  on  growth  of  its  impact 
strength.  
  Selection of suitable parameters of solution heat treatment is a 
necessary precondition to obtain improved tensile strength Rm.  
Growth of ageing temperature and also low temperature of 
solution heat treatment has effect in reduction of tensile strength 
Rm. 
The highest values of tensile strength Rm were obtained for 
the following parameters: 
  a) solution heat treatment temperature - 545  560 
oC, 
  b) solution heat treatment time - 0,5 to 1,5 hours, 
  c) ageing temperature - above 200 
oC, 
  d) ageing time - 5 to 8 hours. A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   81- 84  84 
Making a further investigations is connected with necessity of 
determination of an effect of solution heat treatment temperature 
and  drop  of  ageing  temperature  on  plastic  properties  of  heat 
treated AK9 silumin. 
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